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by reference are the contents and disclosure of tlie corresponding earlier Japanese application JP 

PA 2002-074993. 
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TECHNICAL FIELD 



The pr e s e nt inyention relates to an organic EL (electroluminescent) deyice and an organic 



EL panel, and more specifically relates to an organic EL device and an organic EL panel using 
20 the same, according to which the external quantum efficiency can be improved with no 
accompanying deterioration in the brightness, and moreover the contrast can be improved. 



having a two-layer laminated stmcture (C. W. Tang et al.. Appt. Phvs. Lett.. 51.913 (1 987)). 

various organic EL devices have been developed, and some of these have already been put into 
practical use. 



BACKGROUND ART 



REVIEW OF RELATED TECHNOLOGY 



25 



Ever since the announcement by Tang in 1 987 of a high-efficiency organic EL device 
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5 FIG. 4 is a drawing for explaining the structure of a conventional organic EL device: the 

de\dce has a constitution in which a hole transport layer 42, a hole injection layer 43. a light- 
emitting layer 44, an electron transport layer 45, and an electron injection layer 46 are fonned in 
this order on a transparent electrode 41, which is an anode, and a metal electrode 47. which is a 
cathode, is provided on the electron injection layer 46. 

10 In FIG. 4, the hollow arrow indicates light direction. 

The quantum eftlcicncv of an orgaiiic EL device having a structure as shown in F IG. 4 is 

thought of as tbllows. First, holes and electrons arriving from the anode and the cathode form 
electron-hole pairs in the light-emitting layer, thus becoming excitons haviniz light-emitting 
ability: the probability of production of such a light-emitting exciton is approximately 25%. The 

15 efficiency y of extracting light produced in the light-emitting layer out to the outside of the 

device, on the other hand, is given by the following equation, where n is the refractive index of 
the light-emitting layer: 

Ever since the announcement by Tang in 1 987 of a higli eftlciency or ganic EL device 
20 having a two lay e r laminated structu re ( C .W. T ang e t al, AppL PhyM. Lett,, 5L 913 (1987)), 
various organic EL devdces have been developed, and some of thes e have already be e n put into 
practical use. 

FIG. 4 i s a drawing tor e xplaining th e stmctur e of a conv e ntional organic EL d e vice; the 
d e v i ce has a constitution in which a hol e ti'ansport lay e r 42, a hole injection lay e r 4 3, a liglit - 
25 e mitting lay e r 44, an electFo n transport lay e r 4 5, and an e l e ctron inj e ction lay e r 46 are form e d m 
thi s ord e r on a transparent e l ee trod e 4 1, which is an anod e , and a m etal elect rod e 4 7, which i s a 
cathode, is provided on the electron injection layer 4 6. 

The quanmm efficiency of an organic EL device having a stmcture as shown in FIG. 4 
is thought of as follows. First, holes and electrons arriving fiom th e anod e and the cathod e form 
30 e lectron hole pairs in the light - e mitting lay e r, thus b e coming excitons having light - emitting 
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5 ability; th e probabilit>^ of production of such a light emitting exciton is approximat e ly 25%. Tho 
e ffici e ncy of extracting light produc e d in the light - emitting layer out to the outside of the device, 
on th e otlier hand, is given by tli e following equation, wh e re n is th e refi-activc ind e x of th e light - 
e mitting layer, 

. ^ 

10 G e nerally, the r e fractiv e ind e x of th e light -e mitting layer is 1.6, and hence th e e fficiency 

of e xtracting out light is approximately 20%. Tlie th e oretical ext e rnal quantum efSci e ncy limit 
is tlius giv e n by the product of th e probability of production of a light e mitting e xciton 
(approximately 25%) and die e fficiency of extracting out light (approximately 20%), which is 
approximately 5%. 

15 However, th e e xt e rnal quantum efficiency of an actual organic EL d e vic e is low at 

approximat e ly 3%, which is about 60% of th e th e or e tical valu e , and hence a problem arises in 
that if tli e curr e nt pass e d through th e d e vic e is increased to e xtract liglit of a fixed brightness to 
th e outside, then d e terioration of the brightn e ss will progress, and in addition di e en e rgy 
consumption w ill b e i n cre a eedr 

t o see d u e to external l i ght is a p roblem in actxial pra ctice. O ne caus e of such a drop in the 
contrast is said to be the metal electrode reflecting external light. 

Ill view of such probl e ms, it is an object of the pr e s e nt invention to provid e an organic 
EL device and an organic EL panel using the same, according to which tli e e xternal quantum 
25 e ffici e ncy can b e improved with no accompanying d e t e rioration in the brightness, and moreover 
th e contrast can b e improved. 

X-l/(2/r) LQ 

^fSG LOSURE OF TEE l> j VE N T 10N 
30 Generally, the refractive index of the light-emitting layer is 1 .6. and hence the efficiency 

y of extracting out light is approximately 20%. The theoretical external quantum efficiency limit 

is thus given bv the product of the probability of production of a light-emitting exciton 
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5 (approximately 25%) and the efficiency of extracting out light (approximately 20%), which is 
approximately 5%. 

Howeven the external quantum efficiency of an actual organic EL device is low, at 

a pproximately 3%, which is about 60% of the theoretical value, and hence a problem arises in 
that if the current passed through the device is increased to extract light of a fixed briglitness to 
10 the outside, tlien deterioration of tlie briglitness will progress, and in addition the energy 

consumption will be increased, 

Moreover, with actual panels, a problem of contrast in which the display becomes hard to 

see due to external light is a problem. One cause of such a drop in the contrast is said to be the 
metal electi'ode reflecting external light. 

15 In view of such problems, it us an object of the invention to provide an organic EL device 

and an organic EL panel using the same, according to which the external quantum efficiency can 
be improved with no accompanying deterioration in the brightness, and moreover the contrast 
can be improved. 



20 SUMMARY OF THE 11^ VENTION 

The pr e sent invention has been accomplished to solve the above problemsr-a n. The 

invention according to claim 1 is can include an organic EL (electroluminescent) device 
comprising an organic EL light-emitting part including an organic light-emitting layer, between a 
metal electrode and a transparent electrode, characterized in that a transparent electrically 

25 conductive film is provided on a surface of the metal electrode on the organic EL light-emitting 
part side, and the thickness of the transparent electrically conductive film is set such as to satisfy 
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the following equation, where L is the optical distance from the organic light-emitting layer to 

the metal electrode, and A, is the wavelength of light emitted by the organic light-emitting layerTi 

(3) 

Moreover, aii 

£ = (2n-f-nV4 (n = QAX..^ (2} 

The invention according to claim 2 is can also include an organic EL device comprising 



an organic EL light-emitting part including an organic light-emitting layer, between a metal 
electrode and a transparent electrode, characterized in that a transparent electrically conductive 
film is provided on a surface of the metal electrode on the organic EL light-emitting part side, 
1 5 and light of wavelengths different to the wavelength of light emitted by the organic EL light- 
emitting layer is absorbed by at least one or both of the metal electrode and the transparent 
electrically conductive film, and only light of the wavelength emitted by the organic EL light- 
emitting layer is discharged fi^om the transparent electrode. 

Moreover, aflh the invention according to claim 3 can include is an organic EL device 

20 comprising an organic EL light-emitting part including an organic light-emitting layer, between a 
metal electrode and a transparent electrode, characterized in that a transparent electrically 
conductive film is provided on a surface of the metal electrode on the organic EL light-emitting 
part side, the thickness of the transparent electrically conductive film is set such as to satisfy the 
following equation, where L is the optical distance fi"om the organic light-emitting layer to the 
25 metal electrode, and ^cU is the wavelength of light emitted by the organic light-emitting layer, 



■L = (2/?+lU/4 (;? = 0;K2,. . (3), 
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5 and light of wavelengths different to the wavelength of light emitted by the organic EL light- 
emitting layer is absorbed by the metal electrode and/or the transparent electrically conductive 
film, and only light of the wavelength emitted by the organic EL light-emitting layer is 
discharged from the transparent electrode. 

Moreover, an-the invention according to claim 4 is can include the organic EL devic e 

1 0 according to any on e of claims 1 through 3, d evices described above, characterized in that a 
material of the transparent electrically conductive film is one of In203-ZnO, In203-Sn02, ZnO, 
and Sn02. 

Moreover, a^^the invention accordiiig to claim 5 is the organic EL device 

Qccording to claim 2 or 3. can be characterized in that the transparent electrically conductive film 
15 has an impurity added thereto so as to be colored to a color the same as the color of the light 
emitted by the organic EL light-emitting layer. 

Moreov e r, Such an invention according to claim 6 is th e organic EL device according to claim 

jh rcan be fuither characterized in that the organic EL light-emitting layer emits blue light, the 

transparent electrically conductive film is constituted from a material of one of In203-ZnO, 

20 In203-Sn02, ZnO and Sn02, containing an impurity of one of CuO, Co and Ti at a concentration 

of not more than 1%, and the transparent electrically conductive film absorbs blue light. 

Moreover, an invention according to claim 7 is the organic EL devic e according 

to any one of claims 2, 3 and 6, characterized in that the organic EL light e mitting layer e mits 
blu e light, th e m e tal el e ctrod e comprises Zn, Mo or Cr, or an alloy thereof, and die metal 
25 e l e ctrode absorbs blu e light. 

Mor e ov e r, an invention according to claim 8 is includes a monochrome panel or area color panel, 

characterized by comprising the organic EL device aeeofd ing to any on e of claims 1 t hi ougli 5: as 

set out above. 



MARKED SPECIFICATION 



6 (Appln of Hiroshi KIMURA) 



Atty. Docket: FEC 143NP 



5 Moreover, an inv e ntion according to claim 9 is can include a color conversion type color 

panel, characterized by comprising the organic EL device according to claim 6 as set out above , 
a blue monochrome backlight, and color-converting filters, wherein light other than blue light is 
absorbed by the transparent electrically conductive film of the organic EL device, and only blue 
monochrome light from the backlight is reflected by the metal electrode. 

10 Mor e over, an invention according to claim 10 The invention as described above 

can be characterized in that the organic EL light-emitting layer emits blue light, die metal 
electrode comprises Zn, Mo or Cn or an allov thereof, and the metal electrode absorbs blue light. 
Moreover, such can include is a color conversion type color panel, characterized by comprising 
the organic EL device according to claim 7 as described above , a blue monochrome backlight, 

15 and color-converting filters, wherein light other than blue light is absorbed by the metal 

electrode, and only blue monochrome light from the backlight is reflected by the metal electrode. 

BRIEF D ESCRIPTION OF THE DRAWINGS 

20 FI G. 1 is a drawing for explaining an exampl e of the constitutio n-efan-eyga nic EL 

d e vice of the present invention. 

FIG. 2 is a dra wing for explaining a second example of th e constitution of an organic 
EL device of the pres e nt invention> 

FIG. 3 is a sectional view of a color conv e rsion type color pan e l constituted using an 
25 organic EL devic e of th e pres e nt invention. 

FIG. 4 is a drawing tor e xplaining th e stmctur e of a conv e ntional organic EL d e vic er 
( E xpla n a tion of referenc e num e rals) 

11, 21, 4 1 Transpar e nt e l e ctro de 

12, 22, 1 2, 306 Me l c ti'an ^ poit lay er 

30 13, 23, 43, 305 Hole injection layer 

1124,^1 307 Light emitting layer 

15, 25, 4 5, 308 El e ctron transport lay e r 

16, 26, 46 El e cti'on inj e ction layer 
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5 17, 27, 30 4 Transpar e nt e l e ctrically conductive film 

18, 28,17,303 Motal oloctrodo 

29,301,310 Substrat e 

303 TFT 

309 Laminat e 

10 311,312,313 Color converting filter 

3M Gel body 

345 Out e r p e riphery sealant 

R EST MODE FOR CARRYING OUT THE INVENTION 

15 

Following is a description of e mbodiments of th e pr e sent invention v^itli r e fer e nc e to tlie 
drawings. 

FIG. 1 is a drawing for e xplaining an e xample of th e constitution of an organic EL 
device of th e pr e s e nt invention foniied o n a substrate; this organic EL device in c lud e s ati organ ie 

emitting layer, and specifically has a constitution in w hich a hole transport laye r 12, a hole 
injection lay e r 1 3 , a light - emitting layer 14, an electron transport layer 1 5, and an e lectron 
inj e ction layer 16 are fonned in tliis order on a transparent electrode 1 1, which is an anode, a 
transpar e nt e lectrically conductive film 1 7 is provid e d on th e e l e ctron inj e ction layer 1 6, and a 

25 m e tal e l e ctrode 18, w h i ch is a cathode metal lay e r, is provided on tlie transpar e nt e l e ctrically 
conductiv e film 17. Not e that when constituting th e organic EL devic e of t h e pres ent inventi on, 
a glass substrat e m ay b e provided on e itli e r the transparent el e ctrode 1 1 (th e anode), or the metal 
electrode 1 8 ( the catho d e metal layer). 

Of th e light emitted from the light emitting layer 1 4 , th e light emitted to the hol e 

30 injection layer 13 side passes through the hole injection layer 13 and the hole transport layer 12 
and is extracted to the outside from th e transpar e nt electrode 1 1, wii e r e as liglit emitted to th e 
electron transport layer 1 5 sid e passes through th e electron transport layer 15, the electron 
inj e ction lay e r 1 6 an d t h e tran sp are nt e l e ctrica ll y co nductive film 1 7, and is r e fl e ct e d by the 
m etal e l e ctrod e 18 and thus r e turns into th e devic e . Cons c qu e ntiy, if this r e fl e ct e d light can b e 
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5 extracted to th e outside without being wealcened in the devico, then tlie external quantum 
e fficiency can b e improv e d. 

That is, talcing th e thiclcness e s and r e fractiv e indices of th e e l e ctron transport layer 15, 
th e e lectron inj e ction lay e r 16 and the transpar e nt e lectiically conductiv e film 17 in tli e devic e to 
be-d » (i ~ 1, 2, 3) and ni (i ~ 1^2, 3) resp e ctiv^ e ly, th e optical distance L fiom th e light e mitting 
10 lay e r 1 4 to th e m e tal e lectrod e 18 will be giv e n by tli e sum of th e optical distanc e s for th e se 
layers, i.e. by ilie following equation. 

(4) 

Wh e n light is reflected at the interface between the metal electrode 18 and th e 

transparent electrically conductive film 17, th e phase of the light is reversed, and h e nc e taking 
15 th e wav e l e ngth of th e liglit to be X, a condition for the liglit strength e ning itself in the device is: 

(5) 

Because the m e tal el e ctrode 18 is us e d as tlie cathod e , and th e e lectron transport lay e r 
15, the e lectron inj e ction lay e r 16 and the transparent el e ctrically co n ductive film 17 ai- e 
i nt erp os ed b etwe e n t he-i n etal electrode 1 8 and t h e li ght -e mi t ting lay e r 1 4 , if d e sign is carri e d o u t 

etx-ternal-quxiBfam efficieney-e a n be ifHprov ed r 

H o wev e r , the thicknes s of the e l e ctron inj e ction layer 16 must be made low at 
approximately 0.5 to 1 nm, and moreover if th e thickness of the electron transport layer 15 is 
made to be high di e n th e r e will b e a problem of deterioration of the brightnes s of th e d e vice 

25 becoming marked; cons e quently, with th e organic EL device of the present invention, the 

transpar e nt e lectrically conductiv e film 17 is provided betwe e n the e l e ctron inj e ction lay e r 16 
and the m e tal e l e cti^od e 1 8, and th e thickness of th e transp ar e nt elect r ic ally conduct iv e film 17 is 
s e t such that th e light refl e ct e d by th e m e tal electrod e 1 8 sati sfi es tl ie ab ov e interfe r e n ce 
condition, wher e by th e light can be e xtract e d to the outside with out the strength of the light 

30 being w e aken e d in the devic e , and hence the external qucmtum efficiency con b e improved. 

The method of setting the optical distance such that the external quantum e ffici e ncy is 
maximized by adjusting th e thickness of the transparent electrically conductive film 17 in this 
way is not only e ff e ctive with a monochrome panel or area color panel that is made to e mit light 
using a monochrom e backlight, but moreover is particularly e ffective with a color pan e l that us e s 
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5 a color conversion method in which liglit emitted from a monochrome backlight is received by 
color - conv e rting lay e rs and conv e rt e d into red, groen and blue light. 

Moreover, one practical problem of organic EL panels is a drop in contrast du e t o 
e xt e rnal light, and it has be e n asc e rtain e d that a cause of this is ext e rnal light b e ing dir e ctly 
refl e cted by th e m e tal el e ctrode. According to equation (5), th e re is limit e d Ught of wav e lengtlis 

10 strength e n e d by int e rfei' e nc e , with only light of specific wav e lengths being reflect e d; di e strength 
of reflection of light of wav e l e ngths not satisiying e quation (5) will thus be r e duc e d, and hence it 
can b e s ee n that die organic EL devic e of the pres e nt invention contributes to improving th e 
contrast of an organic EL pan e l. 

To further improve th e contrast, it is effectiv e to fomi the transparent el e ctrically 

15 conductive film and th e m e tal layer on top of on e anoth e r to constitut e a reflectiv e lay e r, and 
color th e transpar e nt e lectrically conductive film out of diis r e flectiv e layer to th e color of di e 
emitt e d light, thus producing a structur e according to which liglit of colors otii e r than di e color of 
th e emitt e d light cannot b e refl e ct e d, or mak e th e mat e rial of th e metal lay e r be a material having 
a property of abso i=bing4i^ght-ef-^el:eFS-edi^^^ the c o lor of the emi tt e d light. One can thus 

20 eiivisage~a-metbe^i4i=H^hieh4ight of waveleng tlisHfte t r e quir ed4 o be e xtrac te d out fi'oni fee 

transpar e nt el e ctrod e is absorbe d by the laminate of the transp a r ent e l ectric a lly conductive fihn 
and the metal layer, or a method in uliich this light is absorbed by th e metal layer ma teri al. Note 
that, in this cas e , it is pref e rable to constitute th e various layers such that the optical distance for 
th e layers interposed betwe e n th e m e tal electiod e mid die light emitting lay e r satisfi e s equation 

25 (5), but ther e is no limitatio n- to this. 

In paiticular, with a color conv e rsion typ e color pan e l th e backlig h t is blu e, a nd hen ce it 
is eff e ctiv e to us e a m e tal having a larger refl e ction co e f fic i e nt f o r b l u e th an f or re d as the 
refl e ctiv e metal; sp e cifically, Zn, Mo or C r may be us odr-Mo r eo v er, the tr ans pa r e n t e l ectrically 
conductive film can b e made blue by, for e xample, adding CuO, Co or Ti in an amount of not 

30 more than 1% to the oxide layer constituting the transparent el e ctrically conductive film. 

In addition to th e constitution shown in FIG. 1, an organic EL device of the present 
inv e ntion may have th e constitution shown in FIG. 2. 

FIG. 2 is a drawing tor explainhig th e stmctur e in th e cas e that th e low e r e l e ctrod e of 
th e organic EL device is mad e t o be an an od e ; with th is constituti on , a m e ta l e l e ctrode 28, a 

35 transparent e l e ctricall y co n ducti v e fil m 27, which is an anod e , a h o le injection lay e r 23, a hole 
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5 transport layer 22, a light emitting layer 24, an e l e ctron transport lay e r 25, on e l e cti'on injection 
lay e r 26. and a transparent e lectrode 21, which is a cathode, are formed in this order on a 

substrat e 29. H e r e , r e garding the constitution of th e part comprising th e e lectron inj e ction lay e r 
26 and tlie tronspai e nt e lectrod e 21 (th e cathod e ), on e can envisage a structure in which tiie 
e lectron injection lay e r 26 is tbrm c d from an ultra - tliin trim of an alkah or alkalin e e arth metal 

10 oxid e , fluorid e , boride or chloride, an ultra - tliin film of a m e tal such as Al is deposited th e r e on, 
and an Iru Q^ ZnO oxide layer (IZO) is furth e r provided ther e on, or a structuie in which a 
transparent electrod e 21 made of a transparent oxid e such as IZO is directly d e posit e d on th e 
e l e ctron injection lay e r 26> 

Note that in addition to organic EL d e vic e s having th e layer staictures shown in FIGS. 1 

15 and 2, th e pres e nt inv e ntion can also b e appli e d to organic EL d e vic e s having all other organic 
EL devic e constitutions proposed hith e rto, for example a constitution in which a hol e transport 
lay e r is not provid e d. 
[Example 1] 

FIG. 34s a sectional view of a color conv e rsion type color pane l-eenstifated using an 

electrode 303 as r e flective metal on a substrat e 301 having TFTs 302 thereon, and then an In^ Q^- 
ZnO oxide layer (IZO: retractive ind e x 2.2 nm) was fuith e r d e po s it e d as a transparent 
e l e ctrically conductiv e film 304 acting as an anod e on th e metal electrod e 303. Th e metal 
e l e ctrod e 303 us e d h e r e as th e r e fl e ctiv e m e tal is not limit e d to b e ing a laminat e of Cr and Pt so 
25 long as it is an e l e ctrically conducti v e metal or alloy havqng un e v e nn es s of not mor e than 4 nm. 
Moreov e r, th e formation of th e IZO film was carri e d out by guttering, b u t may inst e ad b e 
carri e d out using a n ot h e r film fonnation m e thod such as e lectron b e am vapor deposition or 

A hole inj e ction layer 305, a hol e ti-anspoit layer 306, and a light emitting lay e r 307 
30 were deposit e d in this order on the transparent oloctrically conductiv e film 30^1 by resistive 

heating vapor d e po s ition, and th e n on 8 - hydroxyquinoline Al complex (Alq^) w^as further foiiTiod 
th e r e on to a thickness of 20 nm as an electron transport layer 308. 

A laminate 309 of an e l e ctron inj e ction lay e r and an upper transpar e nt e lectrode was 
etmti tut e d by d e positing LiF to a thickn es s of 0.5 nm as th e el e ctron inj e ct ioi i lay e r, the n 
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5 depositing 1 nm of Al and 220 nm of IZO as the upper transparent electrode^ and th e n finally 
depositing 300 nm of SiON as a protectiv e layer. 

Th e optical distanc e for the organic EL dev i c e having this constitution was adjust e d 
b e tw e en the IZO transpar e nt clectiically conductive film 30 4 that was the low e r electrod e (th e 
anod e ), tli e hole inj e ction lay e r 305, tlie hole tionsport lay e r 306, and tli e Pt film in tli e metal 

10 electrode 303. The wav e length of th e light from the color conversion typ e backliglit was 4 70 
nm, and th e hol e injection layer 305 was d e posit e d to a thickness of 80 nm and the hol e transport 
layer 306 to a thickness of 20 nm; cons e qu e ntly, taking th e r e fractive ind e x of the organic 
mat e rial to b e 1 . 8 5, from the interference condhion of equation (5) the IZO film thickn e ss was 
made to be 183 nm, Furth e nnore, the IZO film that was th e transparent electrically conductive 

15 film 30 4 constituting th e low e r e l e ctrode was color e d blue by adding 0.6^0 of CuO ther e to. 

A protective layer 316 was provided on the substiate 301 on which the d e vice had been 
form e d as d e scribed abov e , and this substrate and a substrat e 3 1 0 on which r e d, gre e n and blue 
color converting filt e rs 311,312 and 3 1 3 had been formed in advance W ' ere put fac e to fac e , and 
then with a gap ther e between fil le d wi th a g e l -fee dy 31 4 , an outer peripheral portio n of the device 

convei1i,ng filters' are filters prov ided wit h fluorescent Filters and/or color filters. 

A s a r esul t of comparing the properties of th e panel having the constitution described in 
the present example with the prop e rties of a panel having a conv e ntional constitution, it was 
found that th e effici e ncy of extracting out light could be improved from 2.0% to 3.0%, and h e nc e 
25 th e current pass e d at t he same brightness could b e reduc e d to 2/3. Furtliennor e , a conti'ast ratio 
e f 200:1 at 100 cd/m " under 1000 Lx was obtain e d. 

Mor eo v e r, upon cm iying out similar comparativ e e xp e rim e nts witli monochrome and 
ar e a color pan e l s , similar results were obtain e d. 
[Exampl e 2] 

30 The same comparison as in Example 1 was can ied out but using hia Oa- SnOj (ITO) (refractive 
index 2.0) of film thickness 201 nm instead of lm Q^> ZnO as th e transparent electi'ically 
conductiv e fi l m materi al; i n this c as e , similar e# eets4o w ith Ex ampl e 1 wer e a g ain obtainedr 
Tlie ITO fihn can be d e posited using a m e thod such as sputt e ring, vapor d e position or CVD. 
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5 Moreov e r, similar results wer e also obtain e d in th e case of using ZiiO or SnO^ as th e trongparont 
electrically conductive film mat e rial and adjusting tlie optical distance. 



INDUSTRIAL APPLICAB tfcff¥ 



10 As d e scrib e d abov e , according to the pres e nt invention, a transpar e nt e lectrically 

conductiv e film is pro vided on a surfac e of a metal electrod e of an organic EL device on the 
liglit - emitting lay e r sid e , and the thiclm e ss of this transpar e nt e l e ctrically conductiv e film is 
adjust e d such that liglit reflect e d by di e m e tal e l e ctrod e is mad e to undergo nit e rf e rence and thus 
st rength e n its e lf in th e d e vic e , wh e r e by di e ext e rnal quantum effici e ncy can be improv e d with no 

15 accompanying d e terioration in the brightness; fuithemiore, light of a specific wav e l e ngth is 

made to b e absorb e d by the metal el e ctrode and the transpar e nt electrically conductiv e film, and 
h e nce the contrast is i mprov ed ; as a re s ult, there can be provided an organic E L de v ice and an 
organic EL panel using the same , accordin g to which the exte rnal quantum efficiency can be 
improved with no accompan>dng det e rioration in th e briglitness, and moreover th e contrast can 

20 b e i mp r o ved. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

FIG. 1 is a cross-sectional view for explaining an example of the constitution of an 

organic EL device of the invention. 

FIG. 2 is a cross-sectional view for explaining a second example of the constitution of an 

25 organic EL devi ce of the invention. 

FIG> 3 is a cross-sectional view of a color conversion type color panel constituted using 

an organic EL device of the invention. 

FIG. 4> labeled ''prior ait/' is a cross-sectional view illustrating the structure of a 

conventional organic EL device. 

30 
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5 CLAIMS 

DETAILED DECRIPTION OF THE PREFERRED EMBODIMENTS 

The following is a description of embodiments of the invention witli reference to the 

drawings. 

FIG. 1 is a drawing for explaining an example of the constitution of an organic EL 

10 (electroluminescent) device of the invention fonned on a substrate; this organic EL device 

includes an organic EL liglit-emitting part constituted from a plurality of organic layers including 
an organic light-emitting laven and specifically has a constitution in which a hole injection layer 
12, a hole transport layer 13, a liglit-emitting layer 14. an election transport layer 15, and an 
electron injection layer 16 are formed in this order on a transparent electrode 1 L which is an 

15 anode. A ti^ansparent electrically conductive film 17 is provided on the election injection layer 
16, and a metal electrode 18, which is a cathode metal layer, is provided on the transparent 
electrically conductive film 17. Note that when constituting the organic EL device of the 
invention, a glass substrate may be provided on either the transparent electrode 1 1 (the anode), or 
the metal electrode 18 (the cathode metal layer). 

20 Of the light emitted trom the light-emitting layer 14. tlie liglit emitted toward the hole 

transport layer 13 side passes througli the hole ti'ansport layer 13 and the hole injection layer 12 
and is extracted to the outside through the transparent electrode 1 1: this light is indicated by the 
straiglit, hollow, downward-pointing arrow in Fig. 1. The liglit emitted to the electron transport 
layer 15 side passes through the electron transport layer 1 5, the electron injection laver 16 and 

25 the transparent electrically conductive film 1 7. and is reflected by the metal electrode 18 and thus 
returns into the device: this light is indicated by the reverse-cumng or J-shaped hollow arrow in 
Fig. 1 . Consequenfiy, if this reflected light can be extracted to the outside without being 
weakened in the device, then the external quantum efficiency can be improved. 
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5 That is. taking the thicknesses and refractive indices of the electron transport layer 1 5> the 

electron injection layer 16 and the transparent electrically conductive film 17 in the device to be 
d; fi = 1, 2, 3) and ni (i = 1.2. 3) respectively, the optical distance L from the lidit-emitting layer 
14 to the metal electrode 18 will be given by the sum of the optical distances for these layers, i.e. 
by die following equation. 



10 



4-: An organic EL devic e comprising an organic EL i rii ch 



i4) 



An optical distance is shown in Fig. 1 by the vertical, diin-line double-headed 



arrow. 



1 5 When light- emitting pm1 including an organic light - emitting lov e r, is reflected at 

the interface between a -the m etal electrode 18_and a4f-a n sparen t el e ctr ederthe organic EL devi ee 

a-transparent electrically conductive film ir> provi de d on a surfac e l?. the phase of the 
metal electro d e on th e organic E L light-e m itti ng patt sid e ; 
20 light is reversed, and th e t hi e kness o f ^he4famp 



a shence taking the wavelength of the liglit to satisfy the following equation, wh e r e L is the 
optical distanc e from the organic be a, a condition for the ligh t - emitting lay e r to th e m e tal 
e l e ctrode, and 'X strengthening itself in the device is the wavelength of light emitted by the 
organic light -e mitting lay e r.; 
25 ^ 



L = (2^4- l )X/4 (n = 0.1. 2: Ai i o rga n i c EL devic e comprising an organic EL 

light -e mitting part including an organic liglit e mitting layer, 
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5 b e tw ee n a metal electrod e and a transpar e nt e l e ctrode, th e organic 

EL dcvico charact e riz e d in tliat: ) 

(5} 

a transparent e l e ctiically conductive film is provid e d on a surface of 



1 0 Because the metal electrode on th e organic EL hght emitting part side; 

18 is used as the cathode, and light of wav e l e ngths different to the w^avel e ngth of light emitted by 

electron transport layer 15, t he organic EL light emitting lay e r is absorbed by at least one or both 

of th e m e tal e lectrod e electron injection layer 16 and the transparent electrically conductive film^ 

1 7 are inteiposed between the metal electrode 1 8 and only light of the wavelength e mitt e d by the 

15 organic EL light emitting layer is discharg e d from the transpar e nt e lectrod e . tlie light-emitting 
layer 14, if design is carried out such that the optical distance accounted for by these layers 
satisfies equation (5), then the external quantum efficiency can be improved. 

However, the thickness of the electron injection layer 16 must be made low at 

approximately 0.5 to 1 nm. and moreover if the thickness of the electron transport layer 15 is 

20 made to be hiRli then there will be a problem of deterioration of the brightness of the devdce 
becoming marked: consequently, with the organic EL device of tlic invention, the transparent 
electi-icallv conductive film 17 is provided between the electron injection layer 16 and the metal 
electrode 18, and the thickness of the transparent electrically conductive film 17 is set such that 
the light reflected by the metal electrode 18 satisfies the above interference condition, whereby 

25 the light can be extracted to the outside without the sfrength of the light being weakened in the 
device, and hence the external quantum efficiency can be improved. 

The method of setting the optical distance such that the external quantum efficiency is 

maximized bv adjusting the thickness of the transparent electrically conductive film 1 7 in this 
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5 way is not only effective with a monochrome panel or area color panel tliat is made to emit light 
using a monochrome backlight, but moreover is particularly effective with a color panel tliat uses 
a color conversion method in which light emitted fiom a monochrome backlight is received by 
color-converting layers and converted into red, green and blue light. 
Moreover, one practical problem of organic EL panels is a drop in contrast due to 

10 external light, and it has been ascertained diat a cause of this is external light being directly 

reflected by the metal electrode. According to equation (5). there is limited light of wavelengths 
strengthened by interference, with only light of specific wavelengths being retlected: the strength 
of reflection of light of wavelengHis not satisfying equation (5) will thus be reduced, aiid hence it 
can be seen that the organic EL de\dce of the invention contributes to impro ving the contrast of 

15 an organic EL panel. 

To further improve the contrast, it is effective to form the transparent electrically 

conductive tllm and the metal layer on top of one another to constitute a rctlective layer, tmd 
color the transparent electrically conductive film out of this reflective layer to the color of the 
emitted light, thus producing a stmcture according to which light of colors other than the color of 

20 the em itted light cannot be reflected, or make the material of the metal layer be a material having 
a property of absorbing light of colors other than the color of the emitted light. One can thus 
envisage a method in which light of wavelengths not required to be extracted out from the 
transparent electrode is absorbed by tlie Imninate of the transparent electrically conductive film 
and the metal layer, or a mefliod in which this light is absorbed by the metal layer materiiil. Note 

25 that, in this case, it is preferable to constitute the various layers such that the optical distance for 
the layers interposed between the metal electrode and the liglit-emitting layer satisfies equation 
(5), but diere is no limitation to this. 
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5 In particulan with a color conversion type color panel, the backlight is blue, and hence it 

is effective to use a metal having a laiger reflection coefficient for blue than for red as the 
reflective metal; specifically. Zn, Mo or Cr may be used. Moreover, the transparent electrically 
conductive film can be made blue by. for example, adding CuQ. Co or Ti in an amount of not 
more than 1% to the oxide layer constituting the transparent electrically conductive film. 

10 In addition to the constitution shovvni in FIG. 1. an organic EL device of the invention 

may have the constitution shown in FIG. 2. 

FIG. 2 is a drawing for explaining the structure in the case that the lower clecti'ode of the 

organic EL device is made to be an anode: with this constitution, a metal electrode 28. a 
transparent electrically conductive film 27. which is an anode, a hole injection layer 23. a hole 

15 transport layer 22. a linht-emitting layer 24, an electron transport layer 25. an electron injection 
layer 26. and a transparent electrode 21. which is a cathode, are fonned in this order on a 
substrate 29. Here, regarding the constitution of the part comprising the electron injection layer 
26 and the transparent electrode 21 (the cathode), one can envisage a structure in which tlie 
electron injection layer 26 is formed from an ultra-thin film of an alkali or alkaline earth metal 

20 oxide, fluoride, boride or chloride, an ultra-thm film of a metal such as Al is deposited thereon, 
and an In2 0; ^'ZnQ oxide layer (IZO) is further provided thereon, or a structure in which a 
transparent electrode 21 made of a transparent oxide such as IZO is directly deposited on the 
electron injection layer 26. 

In FIG. 2. the hollow arrows indicate light direction and reflection as in claim 1 and the 

25 thin, vertical, double-headed anow indicates an optical distance. 

Note that in addition to organic EL devices having the layer stmctures shown in FIGS. \ 

and 2. the invention can also be applied to organic EL devices having all other organic EL device 
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constitutions proposed hitherto, for example a constitution in which a hole transport layer is not 
provided. 



Example 1 

FIG, 3rA tt is a sectional view of a color conversion type color panel constituted using an 

1 0 organic EL device comprising on organic EL liglit e mitting part including an organic liglit - 
e mitting layer, b e twe e n a m e tal e l e ctrode and a transparent e l e ctrod e , the organic EL de\ace 
characterized in that: o f the invention. Cr (5 mn) and Pt (100 nm) were deposited as a metal 
electrode 303 as reflective metal on a substrate 301 having TFTs 302 thereon, and then an In^O^- 
ZnO oxide layer (IZO: refractive index 2.2) was further deposited as a transparent electrically 
15 conductive film 304 acting as an anode on the metal electrode 303. The metal electrode 303 

used here as the reflective metal is not limited to being a laminate of Cr and Pt so long as it is an 
electrically conduct! v^e metal or alloy havinii unevenness of not more than 4 nm. Moreover, the 
fomiation of the IZO film was carried out by sputtering, but may instead be carried out using 
another film formation method such as electron beam vapor deposition or resistive heating vapor 
20 deposition. 

a transparent electricalh^ conductix e fihn is provid e d on a surfac e of the metal el e ctrode 
on the organic EL light emittiiig part side; 

th e thickn e ss of th e transparent electrically conductiv e film is s e t such as to satisfy the 
following equation, wh e r e L is the optical distanc e from the organic light - emitting lay e r to th e 
25 m e tal e l e ctrode, and X is the wavelength of light emitted by th e organic light - emitting lay e r, 



a nd li ght o f w-^tvelefigthtr^iiffereat te-ri^e-^va\^lengtj^-0:f'l^gh^emk^4^y^^^jt^ 
light -e mitting layer is absorbed by th e metal el e ctrod e and/or th e transpar e nt e lectricall y 
conductiv e film, and only light of th e wavelength e mitt e d by th e organic EL light - emitting lay e r 
30 is di sch arg e d from th e transparent el e ctrod e . 
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5 A hole injection layer 305. a hole transport layer 306, and a light-emitting layer 307 were 

deposited in tliis order on the transparent electrically conductive film 304 by resistive heating 
vapor deposition, and then an 8-hydroxyquinoline Al complex (Alqi) was further formed thereon 
to a thickness of 20 nm as an electron transport layer 308. 

A laminate 309 of an electron injection layer and an upper transparent electrode was 

10 constituted by depositing LiF to a thickness of 0>5 nm as the electron injection layer, tlien 

depositing 1 nm of Al md 220 nm of IZO as the upper transparent electrode, and then finally 
depositing 300 nm of SiON as a protective layer. 

The optical distance for the organic EL device having this constitution was adjusted 

between the IZO transparent electiically conductive film 304 that was tlie lower electrode (die 

15 anode), the hole injection layer 305, the hole transport layer 306. and the Ft film in the nictai 
electrode 303. The wavelengtti of the light from the color conversion type backlight was 470 
nm. and the hole injection layer 305 was deposited to a thickness of 80 nm and the hole tiansport 
layer 306 to a thickness of 20 nm: consequently, taking the refractive index of the organic 
material to be L85. from the interference condition of equation (5) the IZO film thickness was 

20 made to be 183 nm. FurtheriTiore. the IZO film diat was the transparent electrically conductive 
film 304 constituting the lower electrode was colored blue by adding 0.6% of CuO thereto. 

A protective layer 316 was provided on the substrate 301 on which the device had been 

fonned as described above, and this substrate and a substrate 310 on which red, green and blue 
color-converting filters 311.312 and 313 had been formed in advance were put face to face, and 

25 then with a gap therebetween filled with a gel body 314. an outer peripheral portion of the device 
was sealed with an outer periphery sealant 315. thus completing the panel. Here, 'color- 
converting filters' are filters provided with fluorescent filters and/or color filters. 
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5 As a result of comparing the properties of the panel having the constitution described in 

the present example with the properties of a panel having a conventional constitution, it was 
found that the efficiency of extracting out light could be improved from 2.0% to 3«Q%, and hence 
the current passed at tlie same bxiglitness could be reduced to 2/3. Furtliennore. a conti'ast ratio 
of 200:1 at 100 cd/m^ under 1000 Lx was obtained 

10 Moreover, upon carrying out similar comparative experiinents with monochrome and 

area color panels^ similar results were obtained. 

In FIG. 3, the hollow anows indicate light direction. 

Example 2 

The same comparison as in Example 1 was carried out but using In202-Sn02 (ITO) 

1 5 (refractive index 2.0) of film thickness 201 nni instead of Jn oO^ -ZnO as the transparent 

electrically conductive film material; in this case, similar effects to with Example 1 were again 
obtanied. The IT O film can be deposited using a method such as sputtering, vapor deposition or 
CVD. Moreover, similar results were also obtained in the case of using ZnO or SnO^ as the 
transparent electrically conductive film material and adjusting the optical distance. 

20 As described above, according to the invention, a transparent electrically conductive film 

is provided on a surface of a metal electrode of an organic EL device on the light-emitting layer 
side, and the thickness of this transparent electrically conductive film is adjusted such that light 
reflected by the metal electrode is made to undergo interference and thus strengthen itself in the 
device, whereby the external quantum efficiency can be improved with no accompanying 
25 deterioration in the brightness: furthenuore. li^dit of a specific wavelength is made to be 
absorbed by the metal electrode and the transparent electrically conductive film, and hence the 
contrast is improved: as a result, there can be provided im organic EL device and an organic EL 
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5 panel using the same, according to which the external quantum efficiency can be improved with 
no accompanying deterioration in the brightness, and moreover the contrast can be improved. 
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